This paper evaluates the effects of treatment with a pumping technique and arthroscopic lysis and lavage, followed by rehabilitative training, on condylar head mobility of the temporomandibular joint (TMJ). We studied 32 TMJs in 19 patients suffering from chronic closed lock with severe adhesion.
Introduction
Internal derangement of the temporomandibular joint (TMJ) consists of displacement or malpositioning of the disk in relation to the condylar head and the articular eminence (1) (2) (3) (4) . It can be a major cause of closed lock of the TMJ, which is either acute or chronic. In acute cases, there is pain and severe limitation of mouth opening, caused by malpositioning of the disk (5) . In some chronic cases, derangement of the TMJ may eventually lead to intracapsular microbleeding and effusion, which, in turn, can result in disk surface friction and fibrillation, with subsequent adhesion in the superior compartment of the TMJ (6) . This paper focuses on chronic cases of closed lock with severe adhesion.
In chronic cases of TMJ closed lock, dysfunction of the mandible is sometimes made more severe by secondary pathology, such as intra-articular adhesion (5) . In the past, open surgery to reposition the disk without reduction was recommended (7) . However, an arthroscopic approach has recently become the method preferred by many surgeons for both diagnostic and therapeutic procedures in chronic closed lock of the TMJ, as it can release adhesions with minimal damage to joint structures (8) . A number of different techniques of arthroscopic surgery have been reported (3, (9) (10) (11) (12) (13) (14) (15) (16) (17) ; they have variable success rates, depending on both the technique and the individual patients' circumstances.
This paper evaluates the results of a combination of a pumping technique and arthroscopic surgical lysis and lavage, followed by rehabilitative training. A total of 32 joints were studied in 19 patients, all of whom were suffering from chronic closed lock of the TMJ involving severely restricted translation of the condylar head caused by severe intra-articular adhesion, as indicated by arthrographic diagnosis. The success rate was determined through follow-up radiographic studies of the effect of treatment on condylar movement and mouth-opening. In all cases, the pumping lavage technique was first applied to try to release fine adhesions before carrying out arthroscopic surgery using electrocautery.
Materials and Methods Patient
Selection and Treatment Procedure From 1991 to 1997, a total of 85 patients displaying symptoms of disk dysfunction underwent cine fluoroarthrography of the TMJ using lateral oblique transcranial and transorbital projections, in which Omnipaque water-soluble nonionic iodine contrast medium (containing iodine 350mg/ml) was injected into the upper and lower compartments of the TMJ, in order to diagnose the causes of the dysfunction. Those patients diagnosed as having the greatest limitation of disk mobility, as well as severe adhesion in the TMJ, received hydraulic lavage with a contrast medium to expand the compartment and improve the mobility of the condylar head and degree of mouth opening. For some patients, this technique provided satisfactory improvement in the degree of mouth opening and smooth translation of the condylar head past the eminence, as confirmed by standardized bilateral oblique transcranial radiography. However, about half the patients continued to experience restriction of the movement of the condylar head to the intramandibular fossa or to beneath the eminence, as confirmed by a second standardized bilateral oblique transcranial radiograph; it was recommended that these patients undergo arthroscopic surgery to release adhesions. Of the patients who were advised to undergo this treatment, 19 agreed to do so: 18 women and 1 man, all Japanese, aged between 21 and 69 years, with a mean age of 46.9 years. This paper describes the changes in condylar head movement and mouth opening at each stage of treatment of these 19 patients with severely restricted intra-articular movement of the condyle. Arthrographic diagnosis indicated the presence of severe adhesions in the upper compartment of 32 TMJs in this group of patients, and these 32 TMJs formed the basis of this study. The severe adhesions were located in the anterior recess, with concomitant disk displacement without reduction. In addition, there was a marked fibrous and inflammatory response of adhesions running from both the synovial surface and the articular surface above, and to the synovial and disk surfaces below.
Using a Stryker mini-arthroscopic system, and with the patients under general anesthesia administered via nasotracheal intubation, a 2.3-mm cannula was inserted into the upper compartment of the TMJ to examine the joint cavity with a zero-degree endoscope. The adhesions were released with a blunt trocar and an electric cauterizer inserted through a second cannula, using McCain's technique to determine the second point and the angulation of entry ( Fig. 1 ). This placed the second puncture in the most anterolateral aspect possible, given the pathology of each joint. In the medial section of the upper compartment it was possible to use visual techniques for releasing the adhesions. Weak adhesions, such as interosseous fibrosis, were released with a blunt obturator alone, followed by lysis (Fig. 2) , while severe adhesions were released with an electric cauterizer. As part of this procedure, the synovial drape was cut, exposing the underlying lateral pterygoid muscle fibers, of which the superficial fibers were cut to provide release. In the lateral section of the compartment only blind techniques could be used to release the adhesions. Therefore, both weak and severe adhesions were treated with a combination of the lateral eminence release technique and the capsular stretch technique. For all 19 patients, rehabilitative training to improve mouthopening was begun 2-3 weeks after surgery, and continued with decreasing frequency for the following 3-12 months, according to the needs of each case. The treatment goal was to achieve satisfactory functional mobility of the TMJ, defined as adequate condylar movement and the ability to open the mouth at least 40 mm without discomfort. The rehabilitative training was performed using a mouth gag and/or Therabite jaw motion rehabilitation equipment, together with manipulation to achieve forward and contralateral guided movement of the mandible.
Evaluation
For radiographic evaluation of condylar head movement,standardized bilateral oblique transcranial radiographs were taken of each TMJ before treatment, after application of the pumping technique, 2-3 weeks after arthroscopic surgery, and after 3-12 months of excursive training in mandibular movement. Tracings of the radiographs with reference to the processus retroarticularis and the tuberculum articulare determined the location of the mandibular fossa. After further tracings of the top of the condylar head were made, measurements were taken in order to assess changes in translated movement of the condylar head. A line 'a-b' was drawn to show the total degree of condylar movement (Fig. 3) . The degree of mouth-opening at each stage was measured with calipers.
In the 32 joints examined in this study, several types of adhesion, classified according to Kaminishi's definitions (19) , were found in all cases (Figs 2 and 4) . However, the joints could be divided into two groups, according to the main location of the adhesions. In Group A (11 joints), adhesions mostly occurred in the posterior and/or the anterior synovial portions of the upper TMJ compartment. In Group B (21 joints), the adhesions were concentrated around the eminence, occurring in one or more of the following positions: between the disk and the eminence, between the retrodiskal tissue and the posterior slope of the eminence, and between the anterior recess and the anterior slope of the eminence. In 2 patients both joints were classified in Group A; in 7 patients 1 joint was classified in Group B; in 4 patients both joints were classified in Group B, and in the remaining 6 patients 1 joint was classified in Group A and the other in Group B.
Simple fibrous bands were found in the usual locations: from the eminence to the disk or the retrodiskal tissue. Similarly, fibrosynovial bands were found in the anterior and the posterior recess, or between the fossa or the eminence and the retrodiskal tissue. Early fibrosis, or filmy adhesion, occurred only between the eminence and the disk and/or the retrodiskal tissue, and lateral capsular fibrosis was also present. All of these types of adhesion could be released relatively easily with a blunt trocar and/or an electric cauterizer.
Pseudowalls with thick adhesive bands, disk osseous bands and interosseous fibrosis were more difficult to release, but an electric cauterizer with a monopolar electrocautery tip was able to achieve this. In order to release these types of adhesion in the anterior recess it was especially important accurately to select the position of the second puncture, so that a lysis maneuver could be performed with the electrocautery tip directly visible, as described by McCain (20) .
Moses (14) has described how lateral capsular adhesion cannot always be directly observed. In the cases described here, a blind technique had to be used to release adhesions along the lateral aspect of the capsule; this was done through lateral capsular stretching using a blunt obturator.
Results
Results were compiled for the effects of lavage pumping treatment, surgery and rehabilitative training on the condylar head movement of joints in Group A and Group B (Fig. 5) . Between the initial and the final stages, there was an improvement in condylar head mobility for both groups, with Group A improving by a mean of 5.9 mm and Group B by a mean of 3.6 mm. Using the paired t-test, the treatment was seen to have more overall effectiveness in Group A. For both groups, there was an improvement in condylar head mobility in the period between first presentation and immediately after the treatment by hydraulic lavage. In both groups there was a slight increase in condylar head mobility over the period between the application of hydraulic lavage and 2-3 weeks following arthrographic surgery. In both groups mobility had improved again by 3-12 months after surgery, following rehabilitative training.
However, when we examined the effects of each part of the treatment using the paired t-test, although there was a statistically significant change between each stage of treatment for Group B, for group A only the change between the first 2 stages was significant.
The degree of improvement in mouth-opening was also examined. The number of patients whose joints were only Group-A type (2) was too small to provide statistically significant results. Therefore, measurements were taken of the 17 patients who had at least 1 joint in Group B (Fig. 6 ). Mouth-opening increased from a mean of 25.9mm at the initial stage to a mean of 32.1mm after application of the pumping technique. It continued to improve to a mean of 35.9 mm following surgery, and finally reached a mean of 41.4mm in the 3-12 months afterward. Paired t-tests showed statistically significant changes between each of these stages.
Discussion
In Japan, approximately 10-20% of patients with chronic closed lock of the TMJ receive surgical arthroscopic treatment (21) . Worldwide, the technique has often been used for arthroscopic antero-lateral capsular release, following the initial report by Sanders in 1986 (3). Most follow-up studies of the results of the procedure report a success rate of over 80% (3, 8, 9) .
The goal of arthroscopy in cases of synovial pathology is to reduce or eliminate the inflammatory response; this is achieved by combining arthroscopic lysis and lavage with synovectomy. However, complex cases of adhesion require more than simple capsule release.
On the basis of diagnostic arthroscopy, Kaminishi (19) The goal of all these techniques is to increase disk mobility. However, although each technique may have a high success rate when used individually, the results can sometimes be unpredictable when a combination of techniques is used in complex cases of severe adhesion. The study described here aimed to examine the results of a combination of a pumping technique, arthroscopic surgery and rehabilitative training on increasing mouth-opening and on improving disk mobility and condylar head movement in patients with adhesions focused at two different locations in the TMJ.
The results of the cases described here show a statistically significant improvement in condylar head movement in both Group A and Group B in the period between first presentation and after pumping treatment. In Group B, there was a statistically significant improvement over the period between application of the pumping technique and 2-3 weeks after surgery, as well as during the period of rehabilitative training. Group A did not show significant changes between each stage of treatment, but there was a significant improvement in condylar head movement between the initial and final stages.
These results suggest that a combination of the pumping technique, arthrographic surgery and rehabilitative training is useful in improving condylar head mobility in cases of adhesions occurring in the anterior recess and concentrated around the eminence, as in Group B, as well as for joints such as those in Group A, with adhesions mostly in the anterior or posterior synovial portion of the upper compartment. However, it also seems that joints with adhesions of the Group-B type are unlikely to recover mobility to the same extent as those with adhesions of the Group-A type.
